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(71) We, AGFA-GEVAERT (formerly 
Gevaert-Agfa NV), a Naamloze Vennootschap 
organised under die laws of Belgium, of 27 
Septestraat, 2510 Mortsel, Belgium, do here- 
5 by declare the invention, for which we pray 
that a patent may be granted to its, and the 
method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 
10 .The present invention relates to cyanine 
dyes and merocyanine dyes, end to their use 
for the spectral sensitization of photcconduc- 
tive recording materials. 

Photoconductive coatings containing a finely 
15 divided photoconductive substance e.g. photo- 
conductive zinc oxide dispersed in a binder, 
are well known. 

As described in United States Patent 
Specification 3,128,179 photoconductive zinc 
20 oxide can be sensitized with various organic 
dyes, e.g. Rose BengaL A particular class of 
sensitizing agents proposed in this patent in- 
cludes dyes known in the art of simple cyanine 
dyes, carbocyanine dyes and dicarbocyanine 
25 dyes comprising at least one carboxy group. 

The dyes proposed in the above patent 
can be used for the spectral sensitization of 
photoconductive zinc oxide coated on a sup- 
port from a homogeneous dispersion in a solu- 
30 non of an insulating binder in water or in an 
organic solvent. In practice however, they arc 
only of very limited use because of their low 
fastness to light. 

In accordance with the present invention 
35 new cyanine and merocyanine dyes are pro- 
vided for the spectral sensitization of photo- 
conductive substances such as photoconduc- 
tive zinc oxide. 
The present invention provides more par- 
40 ticulariy novel cyanine dyes corresponding to 
the formula I or II: 
[Price 2Sp] 



I. 



ii. 



°Y'\ 



wherein: 

Q stands for oxygen or the group N— R 
wherein is an aliphatic cycloaliphatic 
cr aromatic group, e.g. alkyl, aralkyl, cyclo- 
alkyl or aryl, with the proviso that when 
the dye contains two bcrin nuclei, Q has 
the some significance in each nuclei, and 

Z 3 stands for the atoms necessary to close a 
naphthalene nucleus or a substituted naph- 
thalene nucleus, 

each of L], L 2 and La stands for a methine 
group or a substituted methine group, 

p M stands for a saturated or unsaturated 
aliphatic or cycloaliphatic group or an 
aromatic group e.g. alkyl or substituted 
alkyl, cycloalkyl, allyl, aralkyl or substi- 
tuted aralkyl, aryl or substituted aryl, 

n stands for 1 or 2, 

m stands Tor 1, 2 or 3, 

Z> stands for the atoms necessary to close 
a naphthalene nucleus or a substituted 
naphthalene nucleus, and 
stands for the non-metallic atoms neces- 
sary to complete a heterocyclic nitrogen 
containing nucleus e.g. those of the thir 
azole series, those of the benzothiazole 
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15 



20 



series eg. benzothiazole, 5-methyIbenzo- 
thiazole, 5-methoxytjenzothiazole, those of 
the mphthothiazole series those of die 
oxazole series, those of the benzoxazole 
series, eg. benzoxazole, 5-methylbenz- 
oxazole, 5,6^dimethyIbeQzoxazole, tnose of 
the selenazole series, those of the benzo- 
selenazole series, those of the naphtho- 
selenazole series, those of the benzimid- 
azole series, eg. 1 - ethyl - 5,6 - dichloro- 
benzimidazoie, 1 - ethyl - 5 - cyanobenz- 
imiri a z ole, those of the thiazoline series, 
those of the pyrroline series, those of the 
2-Ojiiinoline series, those of the 4-quinoline 
series and those of the 3,3-diaftylindo- 
lcnine series, and 
M + stands for a cation eg. a proton, a metal 
cation or an onium cation of organic or 
inorganic nature. 
The present invention further provides 
merocyanine dyes as represented by the fol- 
lowing formula III: 

in. 



wherein: 

25 Q> Li* Lg, Lq, Z M M + and m have the same 
significance as above, and 



Y stands for the atoms necessary to close a 
heterocyclic ketomethylene nucleus e.g. 
those of the pyrazolone series eg. 3- 
methyl - 1 - phenyl - 5 - pyrazolone; those 30 
of the isoxazodone series e.g. 3 - phenyl- 
5 - isaxazolone or 3 - methyl - 5 - isox- 
azolone; those of the oxuidole series; 
those of the 2:4:6 - triketohexahydro- 
pyrimidine series, eg. barbituric arid or 35 
2-rhiobarbdturic acid or their derivatives 
such as those substituted in the 1 -position 
and/or 3 -position by an alkyl group or 
an aryi group; those of the rhodanine series 
(Le. 2 - thio - 2:4 - thiazolidinedione 40 
series), eg. rhodanine and 3-ethyI- 
rhodanine, those of the 2 - thio - 2:4- 
oxazoKdinedione series; those of the 2- 
thto - 2: 5 - thiazolidinedione series; those 
of the 2:4 - thiazolidinedione series; 45 
those of the 2 - imtno - 4 - oxazolidinone 
(i.e. pseudohydantoin) series; those of the 
2:4-inudazolinedione (hydantoin) series; 
those of the 2 - thio - 2:4 - imidazole 
idinedione (i.e. 2-thiohydantoin) series. 50 

By appropriate choice of the substituents 
and methin e chain length, the characteristics 
of the sensitizers of the invention! as regards 
sensitizing range, solubility, etc can be 55 
adapted to the necessities. 

Representative examples of dyes corre- 
sponding to the above general formulae are 
given in Tables I to V. 
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TABLE I 



Dye 


R 


r 


1 


3-methylbenzothiazolium 


0 


2 


l,3-dimethyl-5-cyaiioben2imidazoliuni 


0 


3 


3-ethylbenzothiazoJium 


1 


4 


3-ethylbenzoselenazoliura 


1 


5 


3-ethyl-5-methyl-benzoxazolium 


1 


6 


3-ethylthiazolinium 


1 


7 




*H.N(C 2 HJ 3 


1 


8 


idem 




2 
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TABLE II 

F 2 S^>= CHhCH*CK) r ~X 




Dye 


R 


r 


9 


3-methylbenzothiazolium 


0 


10 


3-ethylbenzothiazolium 




11 


3-ethylbenzoselenazolium 




12 


3-{3-triethyLunmonium sulfatopropyl) 
benzothiazolram 




13 


3 -ethyi-2-thi azolinium 




14 


l-ethyl-2-pyrrolinium 




15 


l^diethyI-5,6-dichloroben2iinidazolium 




16 




i 

*HN(C2H 5 ) 3 


1 


17 




1 


18 


<*w 5 


1 
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Dye 


R 


19 


3-ethylbenzotfaiazolium 


20 


^thyl-S^dimethylbenzoxazoUum 


21 


3-ethyl-5,6-dichlotobenzimidazolium 




TABLE IV 




s 




to 


Dye 


R 


22 


3-ethylbenzoselenazolium 


23 


l,3-diethyl-5,6-di(Morobeiizimidazpliunx 



TABLE V 
Dye 24: 




+H.N(C 2 H S ) S 



In the preparation of the cyanine dyes 
and merocyarrine dyes according to the pre- 
sent invention, intermediate compounds can 
be used as represented by the formula IV: 



scribed by J. A. Van Allan and G. A. Rey- 
nolds, J. Heterocyclic Chem. 6, 29 (1969) 
and 6, 375 (1969). 

The novel cyanine dyes according to the 
present invention can be prepared by conden- 
sing an intermediate compound of the above 
formula IV with a compound of the follow- 
ing formula V or VI: 
V. 



15 



20 



IV 



VI. 



Zr 



wherein: 



10 wherein Q and Zi have the same significance Ri> Li, U> Z* and n have the same significance 
as hereinbefore set forth. as above, 

These compounds can be prepared as de- X- stands for an anion such as chloride, 
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bromide, iodide, peidilorate, benzene sul- 
phonate, p-tolusulphonate, methyl sulphate, 
ethyl sulphate, propyl sulphate, etc. or is 
not present when the anion is already con- 
5 tained in R u 
q is 2 or 3, 

D stands for alkylmercapto, arylmercapto> B- 
arylaminovmyl, 8 - arylamino - 1,3 - buta- 
dienyl, p - alkyimercaptovinyl, £-aryl- 
10 mercaptovinyl, £-acetaiylidovinyl or £-p- 
tolusailphoaryHdovinyl, ^-chlorovinyl, fi- 
alkosyvinyl, which vinyl groups may carry 
a substituent, 
V stands forCVS, Se or N— R 2 , wherein R 2 
l ~> is an aryl group. 

. The condensations are advantageously car-, 
ried out in the presence of an acid anhydride 
such as acetic anhydride, a basic condensing 
agent, for example a trialkylamine such as tri- 
20 ethylamine, a dialkylaniline or a heterocyclic 
tertiary amine such as pyridine or N-alkyi- 
piperidine, and an inert diluent such as meth- 
anol, ethanol, methoxyethanol, acetone, aceto- 
^ nitrile, dhnethylsulphoxide, etc. 
25 The novel cyanine dyes according to the 
present invention can also be prepared by con- 
densing acetaryHde intermediates represented 
by the following formula: 
VII 

30 wherein : 

Li» 1*2, Io, Q, Zj have the same significance 
as above, and S is 1, 2 or 3, 

and 

Ar stand for aryl a 
35 with a compound of the formula V or of the 
foUowmg formula VIII: 

wherein : 

An R,> n and X ***** the same significance as 
above, and 

p stands for 1 when S is 3 or is 1 or 2 
when S is 1 or 2. 
These condensations too are advantageously 
carried out in the presence of a basic cod- 
45 denang agent and of an inert diluent as 
set forth above. 

The acetarylide intermediates represented 
by formula VII above can be prepared by 
condensing an intermediate compound of for- 
50 mula IV with a compound represented by the 
formula IX: 

IX. to—N=U(-U=U—)s- l -mi--Ai 
wherein: 



Ar, Li, L;, 1^ and $ have the same dgnificancc 
as above, and by hearing the arylaniinovinyl 55 
lntermediatrs or vinylene homologues thereof 
obtained, with acetic anhydride. 

The symmetrical cyanine dyes of the pre- 
sent invention can also be obtained by con- 
densing an intermediate compound represented 60 
by formula IV with a compound known to 
those skilled in the art as a compound suit- 
able- to introduce a methine group or a poly- 
medune chain, such as an ortho carboxylic 
acid alkyl ester, e.g ethyl orthoformate, an 65 
orrhounocarboxylic acid alkyl ester, an 
amidine, a malonaldehyde dianil, a malonalde- 
nyde diacetal, an alkoxy acroleine acetaL a 
glutaconaldehyde diaml, etr. 

The novel merocyanine dyes according to 70 
the present invenrion can be prepared by con- 
densing an intermediate compound as repre- 
sented by formula IV with a heterocyclic 
compound represented by the foUowing for- 
mula X: - c 
X 75 

wherein: 

Y, L„ L. 1^ and m have the same significance 

as above, and 
E stands for a halogenation atom such as 80 
cnlorine, bromine and iodine, an alkyl* 
or arylrnexcapto group, an alkoxy group, 
an aiyiamino group, an acetarylido group, 
a p-tolusulpharylido group, etc 
rvrZoLf^ D ^y?nine dyes can also be 85 
prepared by condensing acetarylide intermedi- 
ates represented by the formula VII with 

^ Xlb. 



<y 2 



90 



wherein: 

Y 55* ^ same significance as above, 

The following preparations illustrate the pre- 
paration of mtermediates for synthetizing dyes 
accordmg to the present invention and ml 95 
preparatioa of die dyes themselves. 

Preparation. 1 




2,2 - difluoro - 4 - methylnaphtlio[l^ . e J- ioo 
1,3,2 - dioxaborin (7.0 g; 003 moto nnw 

wd * m left at ambient temperature for 
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1 hour. After chilling, the product was sucked 
o<F, washed with acetic anhydride and ether- 
acetone (1:1). 

Yield: 8.4 g. 
5 Melting point: 240— 242° C. 

The isomer 2,2 - difluoro - 4 - (2 - acet- 
a*ulidovinyl)napntho[2,l - e] - 1,3,2 - dioxa- 
borin can be prepared in a similar way. 

Preparation 2 (Dye 1) 

10 A mixture of 2 - methylthio - 3 - methyl- 
benzothiazolium p-tolusulphonate (1.83 g; 
G.005 mole) 2,2 - difluoro - 4 - methylnaphtho- 
[2,1 - e] - 13,2 - dioxaborin (1.17 g; 0.005 
mole), acetonitrile (40 ml) and triethylamine 

15 (1.4 ml; 0.1 mole) was kept at room tem- 
perature for 1 hour. The dye formed was 
collected by filtration and digested with 50 ml 
of hot methanol. 
Yield: 0.9 g. 

20 Melting point: above 260° C. 

Absorption maxima (measured in dimethyl- 
sulphoxide): 

454 nm; e=5.9 X 10* 
430 nm; e=5.3 X 10* 

25 Dye 9 can be prepared in a similar way. 

Preparation 3 (Dye 2) 

A mixture of 2 - methylthio - 1,3 - methyl- 
5 - cyanobenzimidazolium methylsulphate 
(1.65 g; 0.005 mole), 2,2 - difluoro - 4- 

30 methylnaphtho - [2,1 - e] - 1,3,2 - dioxa- 
borin (1.17 g; 0.005 mole), acetonitrile (25 
mi) and triethylamine (1.4 ml; 0.01 mole) 
were heated to the boiling point, then left for 
15 minutes and cooled extern-ally with tap 

35 water. The precipitated dye was collected by 
filtering with suction and then washed with 
acetonitrile and methanol. 
Yield: 0.7 g. 

Melting point: above 260° C. 
40 Absorption maximum: (measured in di- 
methyl sulphoxide): 400 nm; e— 3.9 X 10 1 . 

Preparation 4 (Dye 3) 

A solution of 2 - phenyliminoethylidene- 
3 - ethyl - 2,3 - dihydrobenzothiazole (1.4 g; 
45 0.005 mole) in acetonitrile (25 ml) was mixed 
with a solution of 2,2 - difluoro - 4 - methyl- 
naphtho [2,1 - e] - 1,3,2 - dioxaborin (1.17 g; 
0.005 mole) in acetonitrile (25 ml). Acetic 
anhydride (1.1 ml; 0.01 mole) and triethyl- 
50 amine (1.4 ml; 0.01 mole) were added and 
the mixture was kept for 30 minutes at ambient 
temperature. The precipitated dye was filtered 
off, boiled with methanol (30 ml), filtered off 
with suction and washed with methanol. 
55 Yield: 1 g. 

Melting point: above 270° C 
Abs. max. (measured in dimethyisulph- 
oxide): 

574 nm; e=L26X10 5 
60 535 nm; e=0.73 X 10 5 



Dyes 4, 11, 21, 23 can be prepared in a 
similar way. 

Preparation S (Dye 10) 

To a mixture of 2,2 - difluoro - 4 - methyl- 
naphtho [1,2 - e] - 1,3,2 - dioxaborin (2.34 g; 65 
0.01 mole), acetonitrile (40 ml), acetic 
anhydride (1.1 ml; 0.01 mole) and triethyl- 
amine (1.4 mi; 0.01 mole) at ambient tem- 
perature, 2 - phenyliminoethylidene - 3 - 
ethyl - 2^ - dihydrobenzothiazole (2.8 g; 70 
0.01 mole) was added portion-wise. After 30 
minutes the dye was coUected and washed 
with acetonitrile and ether. 

Yield: 1.2 g. 

Melting point: 270° C 75 
Absjnax (measured in dimethylsulphoxide): 

590 nm; *=7.7 X 10* 
552 nm; e=6.7 X10\ 

Preparation 6 (Dye 5) 

A solution of 2 - phenyliminoemylidene- 80 
3 - ethyl - 5 - methyl - 2,3 - dihydrobenz- 
oxazole (1.8 g; 0.005 mole) in acetonitrile 
(25 ml) and a solution of 2,2 - difluoro - 4- 
methylnaphtho[2,l - e] - 1,3,2 - dioxaboria 
(1.17 g; 0.005 mole) were mixed and acetic 85 
anhydride (0.6 ml) was then added. After 
1 hour the precipitated dye was collected, 
washed with acetonitrile, boiled with dim ethyl- 
form amide, filtered off and washed with 
ethanol and ether. 90 

Yield: 0.8 g. 

Melting point: above 270° C. 

Abs.max. (measured in dtoethylfc^mamide): 

550 nm; t?=1.07 X 10 s 

511 nm; *=0.83 X 10*. 95 

Preparation 7 (Dye 6) 

A solution of 2 - (2 - acetanilidovinyl) - 3- 
ethylthiazoliraum bromide (1.77 g; 0.005 
mole) in methoxyethanol (25 ml) was mixed 
with a solution of 2,2 - difluoro - 4 - methyl- 100 
naphtho[2,l - e] - 1,3,2 - dioxaborin (1.11 g; 
0.005 mole) in acetonitrile whereupon acetic 
anhydride (0.6 ml) and triethylamine (0.7 ml) 
were added. After 30 minutes the dye was 
collected and recrystallized once from di- 105 
methylformamide - ethanol and once from 
acetone. 

Yield: 0.35 g. 

Melting point: above 270° C 

Abs. max, (measured m methanol): 110 

518; c=1.08 X 10 5 
486; i?=0.70 X 10 s 

Dye 13 can be prepared in a similar way. 

Preparation 8 (Dye 14) 

To 1 - ethyl - 2(2 - anOmovmyr) - pyrrol in- 115 
ium iodide (3.42 g; 0.01 mole) and 2,2 - di- 
fluoro - 4 - methymaphtho[l,2 - e] - 1,3,2- 
dioxaborin (2.34 g; 0.01 mole) in acetonitrile 
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(30 mole), acetic anhydride (2 ml) and tri- 
ethylamine (1.4 ml) were added. The mixture 
was left standing overnight. The precipitate 
was collected and washed with acetomtrile 
5 and ether. 

Yield: 0.9 g. 

Melting point; 260° C (Decomposition). 
Abs-max. (measured in dimethylsulphoxide) : 

516 nm; e=4.1 X 10* 
10 495 nm; e =4,9 X 10* 

Preparation 9 (Dye 12) 

A mixture of anhydro - 2 - methyl - 3 - (3- 
sulphampropyl)benzothiazolium hydroxide 
(1,94 g; 0.005 mole), 2,2 - difluoro - 4 - (2- 

15 acetanilidovinyl) naphtho [1,2 - e] - 1,3,2- 
doxaborin (1.9 g; 0.005 mole), acctooitrile 
(20 ml), acetic anhydride (1 ml) and triethyl- 
amine (1.4 ml) was stirred for 30 minutes 
at ambient temperature. The dye formed was 

20 sucked off, dissolved in a mixture of ethanol 
and dimcthylformamide (4:1), filtered from 
some colourless material and brought to cry- 
stallization by the addition of ether. 
Yield: 1 g. 

25 Melting point: 200° C. Decomposition. 
Ab&max. (measured in methanol): 

584 nm; e=4.7 X 10* 
545 nm; e=3.9 X 10* 

Preparation 10 (Dye 7) 

30 A mixture of 2,2 - difluoro - 4 - (2- 
acetenilidovinyr) naphtho [2,1 t e] - 1,3,2- 
dioxaborin (1.9 g; 0.005 mole), 2^2 - difluoro- 
4 - methylnaphtho [2,1 - e] - 1,3,2 - dioxa- 
borin (1.17 g; 0.005 mole), acetomtrile (25 ml), 

35 acetic anhydride (1 ml) and triethylamine 
(1.4 ml) was heated to 40° C After 30 
minutes, isopropanol (50 ml) was added and 
the mixture chilled. The precipitate was col- 
lected and washed with isopropanol 

40 Yield: 2.0 g. 

Melting point: 240—250° C Decomposi- 
tion. 

Absjnax. (measured in methanol): 

581; e=2.07 X 10 5 
45 540; s=0.70 X 10* 

Dye 16 can be prepared in a similar way. 

Preparation 11 (Dye 8) 

A mixture of 2,2 - difluoro - 4 - methyl- 
napbtho[2,l - e] - 1,3,2 - dioxaborin (2.34 g; 

50 0.01 mole), malcmaldehyde dianit hydro- 
chloride (1.3 g; 0.005 mole), acetonitrfle (30 
ml), acetic anhydride (2 mh and triethylamme 
(1.4 ml) was refluxed for 15 minutes, cooled, 
dilated with ether (100 ml) and left standing 

55 overnight The dye obtained was boiled with 
ethanol, collected by filtration and washed with 
ethanol. 



Yield: 1.25 g. 

Melting point: 252— 255° C. 

Absjnax. (measured in dimethylsulphoxide): 60 

677 nm; 4=1.87 X 10 5 
625 nm; <<=0.63 X 10* 

Preparation 12 (Dye 17) 

A mixture of 2,2 - difluoro - 4 - (2 - acet- 
anilidovinyl) naphtho [1,2 - e] - 1,3,2 - di- 65 
oxaborin (1.9 g; 0.005 mole), 2 - (2 - meth- 
oxypropenyl) - 3 - ethyibenzorMazolium- 
methylsulphate (1.72 g; 0.005 mole), aceto- 
mtrile (20 ml), triethylamme (1.4 ml) and 
acetic anhydride (1 ml) was kept for 30 70 
minutes, at ambient temperature. The dye was 
collected by filtration, washed with acetomtrile, 
boiled with methanol (50 ml) and filtered 
whilst hot. 

Yield: 1.8 g. 75 
Melting point: above 260° C. 
Absjnax. (measured in dichloroethane): 

650 nm; <?=1.08 X HP 

Preparation 13 (Dye 18) 

A mixture of 2,2 - difluoro - 4 - (2 - acet- 80 
aniiidovinyi) naphtho [1,2 - e] , 1,3,2 - di- 
oxaborin (1.7 g; 0.0045 mole), 2 - (2 - methyl- 
thiopropenyl) - 3 - ethylbenzotbiazolium 
methylsulphate (1.62 g; 0.0045 mole); aceto- 
mtrile (20 ml), acetic anhydride (0.5 ml) and 85 
triethylamine (1.4 ml) was refluxed for 5 
minutes. After cooling, the dye was collected 
and recrystallized from d^methylformamidev 
methanol. 

Yield: 1.4 g. 90 
Melting point: 260° C. Decomposition. 
Absjnax. (measured in dicHoroethane): 

684 nm; £j=9.4 X 10*. 

Preparation 14 (Dye 19) 

A mixture of 2 - phenyliminoethylidene - 3- 95 
ethyl - 23 - d^ydrobenzothiazole (2.8 g; 0.01 
mole), 2,2 - difluoro - 3 - phenyl - 4 - methyl- 
naphtho [2,l-e]-l,3,2-oxazaborin (3.1 g; 0.01 
mole), acetomtrile (25 ml), acetic anhydride 
(1.1 ml) and triethylamine (1.4 ml) was re- 100 
fluxed for 5 minutes. The dye that crystal- 
lised oa cooling, was collected and boiled out 
with acetone (50 mlA 

Yield: 3.9 g. 

Melting point: above 260° G 105 
Absjnax. (measured in dimethylsulphoxide): 

528 nm; e =5.3 X 10*. 

Dye 22 can be prepared in a similar way. 

Preparation IS (Dye 20) 

2,2 - difluoro - 3 - phenyl - 4 methyl- 110 
naphtho[2,l - e] - 1,3,2 - oxazaborinr (1.55 g; 
0.005 mole) and 2-phenyiiminoemyHdene - 3- 
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ethyl - 5,6 - dimethyl - 2^ - dihydrobenz- 
oasazole were dissolved in dimediylsulphoxide 
(20 ml) by heating at 60° C After cooling 
to room temperature, a mixture of triethyl- 

5 amine (0.7 ml) and acetic anhydride (0.6 ml) 
w^as added. After heating for 10 minutes at 
60° C, the reaction mixture was poured into 
isopropanol (100 ml) whereupon the dye cry- 
stallised. It was boiled out with methanol (50 

10 ml) and filtered whilst hot 
Yield: 1.5 g. 

Melting point: above 270° C 

Abs.max. (meausred in dimethylsulphoxide): 

515 nm; *=6.3 X 10 4 

15 Dye 15 can be prepared in a similar way. 

Preparation 16 (Dye 24) 

Barbituric acid (1.28 g; 0.01 mole), 2,2- 
difluoro - 4 - (2 - acetanilidovinyl) - naphtho- 
[ 1,2 - e] - 1,3,2 - dioxazborin (3.8 g; 0.01 
20 mole), acetonitrile (60 ml), triethylamine (2.8 
ml) and acetic anhydride (1.1 ml) were re- 
fluxed for 15 minutes. The dye that crystal- 
lised on cooling, was collected and boiled out 
with methanol (100 ml). 
25 Yield: 3.1 g. 

Melting point: above 260° C 
Abs.max. (measured in methanol): 

508 nm; €=5.9 X 10* 
480 nm; c=4.1 X 10 4 

30 The dyes according to the present inven- 
tion are particularly useful for spectrally sen- 
sitizing a photOKronductive substance e.g. an 
inorganic photoconductive compound for in- 
stance photoconductive zinc oxide dispersed 

35 in a binder. 

Thus the invention also provides photo- 
conductive recording material comprising a 
photoconductive substance wherein the said 
substance is spectrally sensitized by means of 

40 the novel cyanine or merccyanine dyes herein- 
before set forth. 

The sensitizing dyes used in the present 
invention can be allowed to absorb to the in- 
organic photoconductive substance, preferably 

45 photoconductive zinc oxide, by adding them 
to a dispersion of that substance in an organic 
or aqueous medium either or not already con- 
taining the binder. In particular, a photocon- 
ductive layer of a recording material may con- 

50 tain the photoconductive zinc oxide dispersed 
in a binder, which during the coating step 
was dissolved in an aqueous alkaline medium. 

Zinc oxide recording layers applied from 
organic solvents and binding agents soluble in 

55 the organic medium are described eg. in the 
Belgian Patent Specifications 612,102 and 
714,257. 

Zinc oxide recording layers applied from 
an aqueous medium are described in the 



United Kingdom Patent Specifications 60 
1,125,579 and 1,125,580. 

The spectral sensitizing agents are prefer- 
ably added in dissolved state, eg. dissolved 
in a water-mi scible solvent or in water, to a 
dispersion of the photoconductive zinc oxide. 65 
When applied in an aqueous zinc oxide dis- 
persion they are preferably incorporated into 
the recording layer from an organic liquid 
consisting of or containing a solvent, prefer- 
ably which has a very low vapour pressure 70 
and which is at least for 20% by weight 
soluble in water at 20° C Examples of such 
a solvent are methanol, ethanol and dimethyl- 
formamide. Such a method for sensitizing a 
photoconductive material is described in the 75 
United Kingdom Patent Specification 
1,154,613 which should be read in conjunc- 
tion herewith. 

Suitable dispersing agents for dispersing 
photoconductive zinc oxide in an- aqueous 80 
medium are described in the French Patent 
Specification 1,540,020 which should also be 
read in conjunction herewith. 

The optimum quantity of sensitizing agent 
per gram of photoconductive zinc oxide can 85 
be determined easily by a series of tests. A 
useful range is comprised between 0.01 rag 
and 5 mg per gram of photoconductive zinc 
oxide. The weight ratio of zinc oxide to binder 
may vary between relatively large limits. A 90 
ratio of 1 part by weight of photoconductive 
substance to 0.1 to 0.6 part by weight of 
total content of hinder is preferred. Advan- 
tageously the coating mixture contains dis- 
persed photoconductive zinc oxide in a weight 95 
ratio of 95% to 60% in respect of the total 
solids content of the coated and dried layer. 
The thickness of the photoconductive layer 
may be chosen between wide limits accord- 
ing to the requirements of each case. Good 100 
recording and reproduction results are attained 
with electrophotographic layers having a 
thickness of 1 to 20^, and preferably of 3 
to 10 fu 

Preferably the sensitizing substances are 105 
used in combination with photoconductive zinc 
oxide prepared according to the French pro- 
cess. 

Tlie photoconductive recording layers con- 
taining a spectral sensitizing agent as de- 110 
scribed above may contain, in addition to 
the photoconductive substance(s) and the 
binder, spectral sensitizers of any other type 
(see eg. United Kingdom Patent Specifica- 
tion 1,020,504), compounds increasing the 115 
dark-resistivity e.g. the phosphorus com- 
pounds described in the Belgian Patent Speci- 
fication 612,102, and additives known in coat- 
ing techniques eg. pigments (see eg. United 
Kingdom Patent Specification 1,007,349), 120 
compounds influencing the gloss and/or the 
viscosity, and compounds that counteract aging 
and/or oxidation of the layers, or which in- 
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finance the thermal stability of the layers. 
When selecting any additives, preference is 
given to those which least reduce the dark- 
resistivity of the photcconductive layer. 
5 The photoconductive composition sensitized 
according to the present invention may be 
coated cn a support according to a known 
co.uing technique, e.g. by spraying, whirling, 
dip-coatiag, or by a coating technique where- 
10 in use is made of a doctor blade. The supports 
or base materials are chosen in view of the 
pardculor charging, exposure, recording, de- 
velopment and/or transfer technique wherein 
the recording material is used. 
15 In electrophotographic recording tech- 
niques, wherein the photoconductive layer is 
electrostatically charged, the support prefer- 
ably has an electric volume resistivity, which 
is considerably lower than that of the record- 
20 ing layer. Suitable supports are described eg. 
in the United Kingdom Patent Specifications 
995,491, 1,020,503, and 1,020,504, and in the 
United States Patent Specification 3,003,325. 
The photoconductive layer of an electro- 
25 photographic material, which is prepared 
starting from a coating composition accord- 
ing to the present invention, can be used for 
recording purposes, in which prior to exposure 
an electric charge is non-diff erentially applied 
30 according to known methods. However, the 
material can also be used in recording tech- 
niques, in which the exposure step precedes 
the charging step. For such a technique we 
may refer to eg. United Kingdom Patent 
35 Specifications 1,033,419 and 1,033,420. 

For comparison of the sensitivity of photo- 
conductive recording elements, said elements 
are exposed in the same manner, eg. through 
a step-wedge, and developed in the same coti- 
40 ditions. Well established methods of develop- 
ing electrostatic images include cascade-, 
powder cloud-, magnetic brush- and fur-brush- 
development. These methods are based on 
the application of charged dry toner to the 
45 surface bearing the electrostatic image. Other 
methods arc based on the use of liquids, either 
insulating (electrophoretic development) or 
conductive liquids (see eg. the United States 
Patent Specification 2,907,674 and the Bd- 
50 gian Patent Specifications 610,060 and 
625,335). Development of a conductivity 



image based on electrolysis is described eg. 
by J. A. Amide, R.CXA. Rev., 20, 753 
(1959). 

The following example illustrates the pre- 55 
sent invention. 

Example 
A mixture is made of: 
photoconductive zinc oxide 20 g 

1,2-dichloroethane 27 g 60 

etliyl acetate 3.8 g 

10% solution of tetrachlorophthalic 

anhydride in ethanol 0.66 ml 

20% solution of co(vinyl chloride/ 

vinyiidene chloride/maleic an- 65 

hydride/ acrylonitrile) (% by 

weigth: 57/40/2/1) in 1,2-di- 

chloroethane/ethyl acetate (vol. 

% 1:1) 2.4 g 

50% solution of co(vinyl acetate/ 70 

ethyl acrylate/acryhc acid) {% 

by weight: 87/12/1) in a mix- 
ture of toluene, l>2-dichloro- 

ethane and ethyl acetate (vol 

% 1:1:4) 2 g 75 

The composition obtained is sensitized by 
means of one of the sensitizing dyes listed 
in the following table Each sensitizing dye 
is added in an amount of 0.5 mg per gram 
of zinc oxide in the form of a 0.1% solution 80 
in dimethylf onnamide and is intimately mixed 
with the ground composition; 

Each sensitized composition is coated pro 
rata of 25 g of zinc oxide per sqjn on a 
baryta paper weighing 90 g/sq.m. 85 

After having been dried, the layers ob- 
tained are charged, exposed for 15 sec. with 
an irradiation intensity of 2280 lux by means 
of an incandescent lamp of 450 watt through 
a step v/edge having a constant 0.1. 90 

The differently sensitized layers are de- 
veloped dectrophoretically. The sensitivity of 
the obtained recording layers is expressed by 
the number of steps corresponding with the 
discharged areas on which no developing par- 95 
tides are deposited, which areas thus kept 
the original density of the recording layer. 
The higher this number, the more sensitive 
the layer. 
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TABLE 



Sensitizing dye 
added 


Sensitivity 
(number of 
non-blackened 
areas) 


Sens. max. 
(nm) 


— 
1 


9 
13 


— 
515 


3 


24 


575 


4 


24 


605 


5 


20 


555 


6 


21 


535 


7 


24 


592 


8 


21 


605 


10 


25 


605 


11 


14 


518—598 


12 


26 


593 


13 


22 


535 


14 


20 


515 


15 


26 


516 


16 


17 


500 


17 


25 


654 


18 


24 


670 


19 


19 


538 


20 


16 


508 


21 


15 


532 


22 


17 


518 


23 


10 


468 


24 


24 


488—518 
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WHAT WE CLAIM IS : — 
1. A cyanine dye ccuTtapi>udmg to one of 
the formulae: 

V 

5 and 



wherein: 

Q stands for oxygen or the group N— R 
wherein R is an aliphatic cycloaliphatic 
or aromatic group, with the proviso that 
when the dye contains two borin nuclei > 
Q has the same significance in each nuclei, 
and 

Z x stands for the atoms necessary to close 
a naphthalene nucleus or a substituted 
naphthalene nucleus, 

each of Li, La, and Lq stands for methine 
or substituted methine, 

Ri stands for a saturated or unsaturated 
aliphatic or cycloaliphatic group or an 
aromatic group, 

n stands for 1 or 2, 

m stands for 1, 2 or 3, 

Z 2 stands for the atoms necessary to close a 
naphthalene nucleus or a substituted 
naphthalene nucleus, 

Zz stands for the non-metallic atoms neces- 
sary to complete a heterocyclic nitrogen 
containing nucleus, and 

M + stands for a cation. 
2. A rnerocyanine dye corresponding to the 

formula: 



10 



15 



20 



25 



30 



35 



40 



45 



wherein: 

Q stands for oxygen or the group N— R 
wherein R is an aliphatic, cydoaliphatic 
or aromatic group, and 

Zi stands for the atoms necessary to close 
a naphthalene nucleus or a substituted 
naphthalene nucleus, 

each of 1^, Lg, La stands for methine or sub- 
stituted methine, 

m stands for 1, 2 or 3, 

M + stands for a cation, and 

Y stands for the atoms necessary to close a 
ketomethylene nucleus, 
3. Method for the preparation of a cyanine 



dye according to claim 1, wherein an inter- 
mediate compound of the formula: 




50 



wherein: 

Q and Zx have the same significance as in 
claim 1, 

is condensed with a compound corresponding 

to one of the formulae: 55 

r „2j 1 1 x - 

and 

r —-Zj -1 

wherein: 

Ri> Zs, n, Lx and L 2 have the same significance 50 

as in claim 1, 
X"~ stands for as anion or is not present when 

the anion is contained in R u 
q is 2 or 3, 

D stands for alkylmercapto, arylmercapto, 65 
arylammovinyi, 8-arylamino - 1,3 - buta- 
dienyl, fi - alkyimercaptovinyl, fi - aryl- 
mercaptovinyl, j3-acetylarylidovinyl, /*-p- 
tolusuiphoarylidovinyl, ^-chlorovinyt or fi- 
alkoxyvinyl in which all vinyl groups may 70 
carry a substituent, and 

V stands for oxygen, sulphur, selenium or 
N(K 2 ) wherein R 2 is aryL 
4. Method for the preparation of a cyanine 

dye according to claim 1, wherein an inter- 75 

mediate compound of the formula: 

wherein: 

Qf Zi>^Lo Jf*> I** have the same significance 



as in claim 1, s is 1, 2 or 3 and 
for aryi, 



stands 80 



is condensed with a compound corresponding 
to one of the formulae: 



and 



1 



85 
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wherein: 

Ru Z» Dj Li> 1<5 and Q have the same 

significance as in claim 1, 
X~~ stands for an anion, or is not present when 

the anion is contained in R a , and 
p stands for 1 when s is 3 or is 1 or 2 

when s is 1 or 2. 

5. Method for the preparation of a sym- 
metrical cyanine dye according to claim 1, 
wherein an intermediate compound of the for- 
mula: 

wherein: 

Q and Z x have the same significance as in 
claim 1, 

is condensed with an orthocarboxylic acid 
alkyl ester, an orchothiocarboxylic acid alkyl 
ester, an imidine, a malonaldehyde dianil, a 
malonaldehyde diacetal, an alkoxy acrolein 
acetal or a glutaconaldehyde dianil 

6. Method for the preparation of a mero- 
cyanine dye according to claim 2, wherein an 
intermediate of the formula: 

wherein: 

Q and Z 1 have the same significance as in 
claim 2, 

is condensed with a heterocyclic compound of 
the formula: 

o 

n 

wherein : 

Y, Li, Lc, L3 and m have the same significance 

as in claim 2, and 
E stands for a halogen atom, an alkyl- or 

arylmercapto group, an alkoxy group, an 

arylamino group, an acetarylido group or 

a p-tolusulpharyiido group. 

7. Method for the preparation! of a mero- 
cyanine dye according to claim 2, wherein an 
intermediate of the formula: 



is condensed with a compound corresponding 
to one of the formulae: 



45 



wherein : 

Q, Z x , Li, L 2 , L3, and m have the same 

significance as in claim 2, and 
Ar stands for aryl, 



and 



50 



wherein: 

Y and Lj have the same significance as in 
claim 2. 

8. A photoconductive recording material 
comprising a photoconductive substance where- 
in the said substance is spectrally sensitized 
by means of a cyanine dye according to 
claim 1. 

9. A photoconductive recording material 
comprising a photoconductive substance 
wherein the said substance is spectrally sen- 
sitized by means of a merocyandne dye accord- 
ing to claim 2. 

10. A photoconductive recording material 
according to claim 8 or 9, wherein the photo- 
conductive substance is an inorganic photo- 
conductor. 

11. A photoconductive recording material 
according to claim 10, wherein said inorganic 
photoconductor is zinc oxide, 

12. A photoconductive recording material 
according to claim 10 or 11, wherein said 
material is prepared starting from a photo- 
conductive composition containing water. 

13. A photoconductive recording material 
according to claim 12, containing a photocon- 
ductive layer comprising photoconductive zinc 
oxide dispersed in a binder, which during 
the coating step was dissolved in an aqueous 
alkaline medium. 

14. A photoconductive recording material 
according to claim 10 or 11, wherein the 
photoconductive layer is prepared according 
to United Kingdom Patent Specifications 
1,125,579 and 1,125,580. 

15. A photoconductive recording material 
comprising an inorganic photoconductive sub- 
stance which is spectrally sensitized with a 
dye as defined in claim 1 or 2, which dye in 
the formation of the photoconductive coating 
has been dissolved in an organic solvent and 
which is at least for 20% by weight soluble 
in water at 20° C. 

16. A photoconductive recording material 
according to claim 15, wherein said solvent 
is methanol, erhanol or dimethylf oral amide, 

17. A photoconductive recording material 
containing photoconductive zinc oxide spec- 
trally sensitized with a dye as denned in claim 
1 or 2, and dispersed according to the process 
described in French Patent Specification 
1,540,020. 



55 



60 



65 



70 



75 



80 



85 



90 



95 



100 
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18. A photoconductive recording material 
according to claim 8 or 9> and substantially 
as described herein. 

19. A photoconductive recording material 
comprising photoconductive zinc oxide 
spectrally sensitized with one of dyes identified 
herein. 

20. A process for spectrally sensitizing a 
photoconductive substance by allowing to 
adsorb thereon a dye as defined in claim 1 
or 2. 

21. A process for spectrally sensitizing a 
photoconductive recording material by allow- 
ing to adsorb a dye as defined in claim 1 or 
2, to photoconductive zinc oxide contained 
in a photoconductive recording layer prepared 



according to die Belgian Patent Specification 
714,257. 

22. A process for spectrally sensitizing a 
photoconductive recording material according 
to claim 20 and substantially as described 
herein. 

23. A process for spectrally sensitizing a 
photoconductive recording material by allow- 
ing to adsorb to photoconductive zinc oxide 
one of the dyes identified herein. 

HYDE, HEIDE & ODONNELL, 
47, Victoria Street, 
London, SWIH OES. 
Chartered Patent Agents, 
Agents for the Applicants. 
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